In this paper a numerical analysis of the resistance and stiffness of the aluminium and concrete composite beam is presented. Composite aluminium and concrete structures are quite new and they have not been thoroughly tested. Composite structures have a lot of advantages. The composite aluminium and concrete beam is more corrosion-resistant, fire-resistant and stiff than the aluminium beam. The contemporary idea of sustainable buildings relies on new solutions which are more environmentally friendly. Aluminium is lighter and more resistant to corrosion than steel, which is often used in composite structures.
INTRODUCTION
Aluminium alloys are increasingly more often used as a construction material. The difference in price between aluminium alloys and steel alloys is decreasing. When looking for new solutions, designers should focus on their resistance and on reducing the consumption of natural resources. Aluminium alloys are fully recyclable [2] . What is more, they are corrosion-resistant thanks to aluminium oxide. A 0.001µm-thick layer of aluminium oxide forms on the clean and fresh surface of aluminium within a few seconds. In normal conditions, the thickness of aluminium oxide increases to 0.01 µm within a few days and to 0.1 µm within a few years [5] . The lightness of material is an important design parameter. According to [2] , it is defined as: When comparing the lightness of basic construction materials, such as steel, concrete, wood and aluminium, aluminium alloys prove to be the lightest. Concrete is the heaviest material, followed by steel and wood. Mromliński [5] has already addressed the issue of composite aluminium and concrete structures. He described a composite girder consisting of an aluminium beam and a reinforced concrete slab. The cooperation of both elements of the girder is better than in a similar girder with a steel beam. Mromliński [5] analysed the influence of Young's modulus on the stresses of the bottom edge of the composite aluminium beam. where: E a -modulus of elasticity of structural aluminium E c -modulus of elasticity of concrete The stresses of the bottom edge of the composite girder were lower when the steel beam was replaced with the aluminium beam [5] . The most important problem in the composite aluminium and concrete beam is how to develop a connector which would join both materials. The welding of shear connectors to aluminium beams reduces the strength properties around the welds [7] . The authors of the article are trying to patent a new type of steel shear connector, which may be used without welding. The connector is presented in Fig. 1 . Spacers were used to prevent corrosion, which may occur at the point of contact of the profiled steel sheeting and the aluminium beam. The next problem is that there are no standards for designing composite aluminium and concrete beams. The existing standard [6] for designing composite structures applies to steel and concrete structures only. However, it may be used to estimate the resistance of the composite aluminium and concrete beam. When the plastic resistance is known and A a f yd < 0,85f cd b eff h c , the location of the neutral axis relative to the upper surface of the concrete slab may be determined with the use of the following formula:
where: f cd -design value of the cylinder compressive strength of concrete b eff -total effective width of the concrete slab x pl -distance between the plastic neutral axis and the extreme fibre of the concrete slab in compression f yd -design value of the yield strength of structural aluminium A a -cross-sectional area of the structural aluminium section According to [4] , the plastic resistance moment M pl,Rd of a composite crosssection may be determined using the following equation:
where: d c -distance between the centre of gravity of the aluminium section and the edge of the concrete slab
THE PLASTIC RESISTANCE MOMENT OF THE COMPOSITE ALUMINIUM AND CONCRETE BEAM ACCORDING TO EN 1994-1-1
The plastic resistance moment M pl,Rd of the composite cross-section was determined using [6] and the guidelines set out in [4] and [1] . The data used for calculation are presented in Table 1 . The position of the neutral axis was determined on the basis of the equation (1.3) x pl = 95,0 mm (directly above the steel sheeting). The composite aluminium and concrete beam is presented in Fig. 2 . and 3.
The plastic resistance moment is 311.6 kNm according to equation (1.4) . Such a plastic resistance may be difficult to achieve, because the cross-section of the aluminium beam is of Class 3 according to [7] . What is more, aluminium alloys have a characteristic value proof strength of 0.2 %. The resistance of the aluminium beam according to [7] is 127.5 kNm. The calculations are presented in Table 2 . The shape factor α=1.06
The partial factor for resistance of cross-section
The elastic modulus of the section W el =778.53cm 3 The design resistance for bending M o,Rd =127.5kNm
The plastic resistance moment of the composite aluminium and concrete beam is 2.4 times greater than that of the aluminium beam alone. However, the plastic resistance moment of the composite aluminium and concrete beam should be verified using laboratory tests and numerical analysis.
A NUMERICAL ANALYSIS OF THE COMPOSITE ALUMINIUM AND CONCRETE BEAM
In order to check the resistance of the composite aluminium and concrete beam, a numerical analysis of the composite structure was prepared in the Abaqus program. A model of the beam is presented in Fig. 4 . The calculations were performed using the Abaqus-Standard procedure and the Newton-Raphson method. Load was applied in the form of displacement. It was assumed that the resistance of the shear connectors is reached when there is a local extreme on the static equilibrium path. The points where displacements were applied are shown in Figure 10 . As a result of the analysis, a strain energy curve was obtained, which had a local extreme. The strain energy curve is presented in Fig. 11 . The curve of the force at one of the points where the displacements were applied is presented in Fig. 12 . The stresses of the shear connectors are presented in Fig. 15 . Some of the shear connectors plasticized. The displacement of the concrete slab relative to the aluminium beam is shown in Fig.16 and it amounts to 1.22 mm. The deflection which was accompanying the maximum force is presented in Fig.  17 . The maximum deflection is 10.6cm. The large span of the beam (5.2m) and small modulus of elasticity for aluminium (70 000 N/mm 2 ) are the causes of the large deflection.
CONCLUSION
Composite aluminium and concrete structures still require a lot of tests. They are a new alternative to composite steel and concrete structures, which better fulfils the requirements of sustainable building. By combining the aluminium beam with the concrete slab, resistance and stiffness are increased. Table 3 . presents the resistance of the aluminium beam, the resistance of the composite aluminium and concrete beam calculated according to EN 1994-1-1 and the resistance of the composite aluminium and concrete beam obtained from the numerical analysis. The analysis presented in the article shows that the cooperation between the aluminium beam and the concrete slab is possible.
The stiffness of the aluminium and concrete beam is small, because of the large span of the beam (5.2m) and the small modulus of elasticity for aluminium (70 000 N/mm 2 ). The numerical model should be validated once laboratory tests of the beams have been carried out. Moreover, the laboratory tests of the innovative shear connectors and the composite aluminium and concrete beam make it possible to create a more accurate model of shear connectors in the Abaqus program.
